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TECHNIQUES FOR LIMITING DEMAND 
FROM AN ELECTRICITY METER WITH AN 

INSTALLED RELAY 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims the bene?t of US. Provisional 
Application No. 61/061286, titled “Techniques for Limiting 
Demand from an Electricity Meter With an Installed Relay”, 
?led on Jun. 13, 2008, the content of Which is hereby incor 
porated by reference in its entirety. This application is also 
related to US. Pat. No. 7,427,927, titled “In-Home Display 
that Communicates With a Fixed Network Meter Reading 
System”, issued Sep. 23, 2008, and US. Pat. No. 7,545,285, 
titled “Load Control Unit In Communication With a Fixed 
Network Meter Reading System”, issued Jun. 9, 2009, the 
content of both patents are hereby incorporated by reference 
in their entireties. 

BACKGROUND 

Typically, providers of energy or commodities such as 
electricity, natural gas, and Water, etc., have the utmost inter 
est in measuring consumer consumption of the energy or 
commodity. Measured consumer consumption is useful for 
ensuring accurate billing for consumed energy and also for 
planning for future energy production needs. These provid 
ers, in many situations electrical energy utilities, may Wish to 
measure total accumulated consumer consumption for the 
respective delivered energy or commodity. Utilities may also 
Want to know hoW much energy, or a magnitude of energy, are 
being consumed at certain speci?c times or What peak (or 
maximum) magnitude of energy Was consumed during cer 
tain time periods, such as an hour, day, Week, or month, for 
example. This kind of energy magnitude measurement is 
commonly referred to as a demand measurement. In an elec 
tricity context, for example, a consumer’ s cumulative electri 
cal energy consumption is typically measured by electronic 
electricity measurement meters (or electricity meters or sim 
ply “meters”) in units of kiloWatt hours (kWh) and the con 
sumer’s demand is typically measured in kiloWatts (kW). 

Electronic electricity meters are typically capable of mea 
suring a demand of a consumer’s electricity load, such as a 
residence, commercial equipment, or industrial equipment. 
Electricity meters may also be capable of providing an indi 
cation that a con?gurable demand threshold has been 
exceeded. This con?gurable demand threshold is typically a 
threshold for a “total” demand. A total demand is that demand 
value that represents a maximum, or peak, demand measured 
in a predetermined period of time, such as a day, Week, or 
month, for example. Typically, the predetermined period of 
time for a total demand is a month, and as such, the total 
demand Would be the highest measured demand in the month. 
Once the predetermined period of time ends, the total demand 
may be reset so that a neW total demand for a next period of 
time may be determined. The con?gurable demand threshold 
represents a total demand value that is considered to be, 
usually by the utility, a maximum demand that the consum 
er’s electricity load may consume Without affecting the sta 
bility of the utility’s electrical distribution system. For 
example, a consumer may be restricted by a tariff to a total 
demand of 25 kW. 

It is common for utilities to assign designations to periods 
of time Which fall someWhere Within total demand periods, 
such as hours of a day, days of a Week, or Weeks of a month, 
etc., during Which electricity is draWn from the utilities’ elec 
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2 
trical distribution system. These designated periods of time 
identify so-called time-of-use periods or time-of-use tiers 
(TOU tiers). By Way of example only, a period of time starting 
at midnight and ending at 5 am on a particular day of the 
Week, Monday for example, may be designated as tier D. Also 
by Way of example only, the period starting at 5 am Monday 
and ending at 8 am Monday may be designated as tier A. To 
continue the example for Monday, the period starting at 8 am 
and ending at 10 am may be designated as tier B, the period 
starting at 10 am and ending at 4 pm may be designated as tier 
A, the period starting at 4 pm and ending at 8 pm may be 
designated as tier B, and the period starting at 8 pm and 
ending at midnight Tuesday morning may be designated as 
tier C. 

There could be additional time-of-use tier designations 
identifying additional and/or different time-of-use tier peri 
ods. Also, such time-of-use tiers may have different designa 
tion labels. Utilities may assign certain billing rates to respec 
tive time-of-use tiers (or TOU tiers, or simply “tiers”) to 
account for varying levels of burden to the utilities’ electrical 
distribution systems as overall consumer demand for electric 
ity tends to vary over the various TOU tiers. For example, 
consumers may pay more in tier B for the same amount of 
electrical energy consumed as that consumed in tier C. In 
addition, utilities may Wish to knoW What the peak demand 
Was for a particular TOU tier. The peak demand for a particu 
lar tier, or a time-of-use demand (or TOU demand), is some 
thing different from the total demand. As mentioned previ 
ously, the total demand represents a peak demand for a 
predetermined period of time such as a day, Week, or month, 
Whereas a time-of-use demand represents a peak demand for 
a designated period of time that falls Within the period of time 
corresponding to the total demand. Accordingly, electricity 
meters may determine a time-of-use demand for the respec 
tive time-of-use tiers included Within the total demand period 
of time. 

Meters may also operate a load control that is integral to the 
meter, such as a sWitch or relay, in response to the consumer’ s 
electrical load exceeding a demand threshold (or register). 
The meter may set the relay or sWitch to cause some or all of 
the consumer’s electrical load to become electrically de-en 
ergiZed. By doing so, the meter has effectively limited the 
demand consumed by the consumer’s electricity load. The 
meter may electrically de-energiZe the electricity load 
directly through the integral load control. Or, the meter may 
electrically de-energiZe the electricity load With the integral 
load control indirectly via intermediate equipment, such as 
relays or sWitches external to the meter, for example. 

SUMMARY 

While limiting a demand for a consumer’s electricity load 
based on criteria regarding a measured demand crossing a 
demand threshold (or register) is useful, it may be desirable to 
tailor a meter’s demand limitation capability more closely to 
the measured total demand, time-of-use demand, or to the 
time-of-use tier itself. In addition to the demand limitation 
capability being more tailored to the time-of-use tiers, it may 
also be desirable for a meter to assist in the veri?cation of 
procedural steps required in reestablishing electrical service 
to a consumer’s electricity load that Was electrically de-ener 
giZed for exceeding demand thresholds or other various rea 
sons. 

A method embodiment may be performed by an electricity 
meter for limiting an electricity load that is in communication 
With the electricity meter. The electricity meter may have at 
least one load control and the electricity meter may have one 
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or more predetermined time-of-use tiers. Each of the one or 
more predetermined time-of-use tiers may have a correspond 
ing time-of-use demand threshold. The method may comprise 
determining a present time-of-use tier and determining a 
present time-of-use demand for the electricity load in the 
present time-of-use tier. Further, the method may include 
comparing the present time-of-use demand to the time-of-use 
demand threshold corresponding to the present time-of-use 
tier. In addition, the method may include setting the at least 
one load control to a de-energiZe mode When a de-energiZe 
condition is satis?ed. The de-energiZe condition may include 
sub-conditions such as the present time-of-use demand 
exceeding the time-of-use demand threshold corresponding 
to the present time-of-use tier. 

Another method embodiment may be performed by an 
electricity meter for limiting an electricity load in communi 
cation With the electricity meter. The electricity meter may 
have at least one load control and the electricity meter may 
have one or more predetermined time-of-use tiers. At least 
one of the one or more predetermined time-of-use tiers may 
have a corresponding limitation mode. The corresponding 
limitation mode may be adjustable betWeen a limit setting and 
a no-limit setting. The method may comprise determining a 
present time-of-use and determining the limitation mode of 
the present time-of-use tier. The method may also include 
setting the at least one load control to a de-energiZe mode 
When a de-energiZe condition is satis?ed. The de-energiZe 
condition may include the sub-conditions such as the limita 
tion mode of the present time-of-use tier being set to the limit 
setting. 

Another method embodiment may be performed by an 
electricity meter for limiting an electricity load in communi 
cation With the electricity meter. The electricity meter may 
have at least one load control. The method may comprise 
determining a present time-of-day and setting the at least one 
load control to a de-energiZe mode When a de-energiZe con 
dition is satis?ed. The de-energiZe condition may include the 
present time-of-day being Within a predetermined range of 
time-of-day. 

Another method embodiment may be performed by an 
electricity meter for detecting an electricity load in commu 
nication With the electricity meter. The electricity meter may 
have at least one load control and the at least one load control 
may be changeable betWeen a de-energiZe mode and a re 
energiZe mode. The method may comprise receiving a com 
mand to set the at least one load control from the de-energiZe 
mode to the re-energiZe mode. The method may also include 
setting the at least one load control from the de-energiZe mode 
to the re-energiZe mode and measuring an electrical current of 
the electricity load. Further, the method may include compar 
ing the measured electrical current of the electricity load to a 
predetermined threshold. In addition, the method may 
include setting the at least one load control from the re 
energiZe mode to the de-energiZe mode When the measured 
electrical current of the electricity load exceeds the predeter 
mined threshold at any time before the end of a predetermined 
time interval. 

In an embodiment, an electricity meter may be capable of 
limiting an electricity load in communication With the elec 
tricity meter. The electricity meter may comprise at least one 
load control and a meter controller. The meter controller may 
include one or more predetermined time-of-use tiers. Each of 
the one or more predetermined time-of-use tiers may have a 
corresponding time-of-use demand threshold. The meter con 
troller may execute one or more actions including determin 
ing a present time-of-use tier and determining a present time 
of-use demand for the electricity load in the present time-of 
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4 
use tier. The actions may also include comparing the present 
time-of-use demand to the time-of-use demand threshold cor 
responding to the present time-of-use tier. Further, the actions 
may include setting the at least one load control to a de 
energiZe mode When a de-energiZe condition is satis?ed. The 
de-energiZe condition may include sub-conditions such as the 
present time-of-use demand exceeding the time-of-use 
demand threshold corresponding to the present time-of-use 
tier. 

In an embodiment, an electricity meter may be capable of 
limiting an electricity load in communication With the elec 
tricity meter. The electricity meter may comprise at least one 
load control and a meter controller. The meter controller may 
include one or more predetermined time-of-use tiers. At least 
one of the one or more predetermined time-of-use tiers may 
have a corresponding limitation mode. The corresponding 
limitation mode may be adjustable betWeen a limit setting and 
a no-limit setting. The meter controller may execute one or 
more actions including determining a present time-of-use tier 
and determining the limitation mode of the present time-of 
use tier. The actions may also include setting the at least one 
load control to a de-energiZe mode When a de-energiZe con 
dition is satis?ed. The de-energiZe condition may include 
sub-conditions such as the limitation mode of the present 
time-of-use tier being set to the limit setting. 

In an embodiment, an electricity meter may be capable of 
limiting an electricity load in communication With the elec 
tricity meter. The electricity meter may comprise at least one 
load control and a meter controller. The meter controller may 
execute one or more actions including determining a present 
time-of-day and setting the at least one load control to a 
de-energiZe mode When a de-energiZe condition is satis?ed. 
The de-energiZe condition may include sub-conditions such 
as the present time-of-day being Within a predetermined 
range of time-of-day. 

In an embodiment, an electricity meter may be capable of 
detecting an electricity load in communication With the elec 
tricity meter. The electricity meter may comprise at least one 
load control. The at least one load control may be changeable 
betWeen a de-energiZe mode and a re-energiZe mode. The 
electricity meter may also include a meter controller. The 
meter controller may execute one or more actions including 
receiving a command to set the at least one load control from 
the de-energiZe mode to the re-energiZe mode. The actions 
may also include setting the at least one load control from the 
de-energiZe mode to the re-energiZe mode and measuring an 
electrical current of the electricity load. The actions may 
further include comparing the measured electrical current of 
the electricity load to a predetermined threshold. In addition, 
the actions may include setting the at least one load control 
from the re-energiZe mode to the de-energiZe mode When the 
measured electrical current of the electricity load exceeds the 
predetermined threshold at any time before the end of a pre 
determined time interval. 

In an embodiment, a method may be performed by an 
electricity meter that comprises verifying compliance on the 
part of a consumer of an electrical load With at least one step 
of a procedure 

In an embodiment, an electrical meter may comprise a 
meter controller. The meter controller may execute one or 
more actions including verifying compliance on the part of a 
consumer of an electrical load With at least one step of a 
procedure. 

In an embodiment, a method may be performed by an 
electricity meter for limiting an electricity load. The method 
may comprise electrically de-energiZing at least a part of the 
electricity load based on a measured time-of use demand of 
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the electricity load in a time-of-use tier exceeding a predeter 
mined threshold corresponding exclusively with the time-of 
use tier. 

In an embodiment, a method may be performed by an 
electricity meter for limiting an electricity load. The method 
may comprise electrically de-energiZing at least a part of the 
electricity load based exclusively on a time-of-use tier. 

In an embodiment, a method may be performed by an 
electricity meter for limiting an electricity load. The method 
may comprise electrically de-energiZing at least a part of the 
electricity load based exclusively on a time-of-day. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram of an example of a data collection 
system including electricity meters consistent with the 
embodiments; 

FIG. 2 is a diagram of a portion of the data collection 
system of FIG. 1 and an example of a data management 
system; 

FIG. 3 is a diagram of a portion of the data collection 
system of FIG. 1 and an exemplary interface device consistent 
with the embodiments; 

FIG. 4 illustrates a block diagram of an exemplary elec 
tricity meter consistent with the embodiments; 

FIG. 5 is a ?owchart illustration of methods performed by 
an electricity meter consistent with the embodiments; 

FIG. 6 is a ?owchart illustration of methods performed by 
an electricity meter consistent with the embodiments; 

FIG. 7 is a ?owchart illustration of methods performed by 
an electricity meter consistent with the embodiments; 

FIG. 8 is a ?owchart illustration of methods performed by 
an electricity meter consistent with the embodiments; 

FIG. 9 is a ?owchart illustration of methods performed by 
an electricity meter consistent with the embodiments; 

FIG. 10 is a ?owchart illustration of methods performed by 
an electricity meter consistent with the embodiments; and 

FIG. 11 is a ?owchart illustration of methods performed by 
an electricity meter consistent with the embodiments. 

DETAILED DESCRIPTION 

Exemplary systems and methods for gathering meter data 
are described below with reference to FIGS. 1-2. It will be 
appreciated by those of ordinary skill in the art that the 
description given herein with respect to those ?gures is for 
exemplary purposes only and is not intended in any way to 
limit the scope of potential embodiments. 

Generally, a plurality of meter devices, which operate to 
track usage of a service or commodity such as, for example, 
electricity, water, and gas, may be operable to wirelessly 
communicate with each other and/or to communicate with 
one another via a wired network. A collector may be operable 
to automatically identify and register meters for communica 
tion with the collector. When a meter is installed, the meter 
becomes registered with the collector that can provide a com 
munication path to the meter. The collectors may receive and 
compile metering data from a plurality of meter devices via 
wireless communications. Also, a communications server 
communicates with the collectors to retrieve the compiled 
meter data. 

FIG. 1 provides a diagram of an exemplary metering sys 
tem 110. System 110 comprises a plurality of meters 114, 
which are operable to sense and record usage of a service or 
commodity such as, for example, electricity, water, or gas. 
Meters 114 may be located at customer premises such as, for 
example, a home or place of business. Meters 114 may com 
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6 
prise an antenna and may be operable to transmit data, includ 
ing service usage data, wirelessly or via wired connections. 
Meters 114 may be further operable to receive data wirelessly 
as well. In an illustrative embodiment, meters 114 may be, for 
example, electrical meters manufactured by Elster Electric 
ity, LLC. 

System 110 may further comprise collectors 116. Collec 
tors 116 also may be meters operable to detect and record 
usage of a service or commodity such as, for example, elec 
tricity, water, or gas. Collectors 116 may comprise an antenna 
and may be operable to send and receive data wirelessly. In 
particular, collectors 116 may be operable to send data to and 
receive data from meters 114. In an illustrative embodiment, 
meters 114 and/or collectors 116 may be, for example, an 
electrical meter manufactured by Elster Electricity, LLC. 
A collector 116 and the meters 114 for which it is con?g 

ured to receive meter data de?ne a subnet/ LAN 120 of system 
110. In the context of networking, meters 114 and collectors 
116 may be considered as nodes in the subnet, or electricity 
control network 120. For each subnet/ LAN 120, data may be 
collected at collector 116 and periodically transmitted to a 
data collection server 206. The data collection server 206 may 
store the data for analysis and preparation of bills, for 
example, among other uses. The data collection server 206 
may be a specially programmed general purpose computing 
system and may communicate with collectors 116 wirelessly 
or via a wireline connection such as, for example, a dial-up 
telephone connection or ?xed wire network. 

Generally, collector 116 and meters 114 may communicate 
with and among one another using any one of several robust 
wireless techniques such as, for example, frequency hopping 
spread spectrum (FHSS) and direct sequence spread spec 
trum (DSSS) at 900 MHZ. As illustrated, meters 114a may be 
referred to as “?rst level” meters that communicate with 
collector 116, and meters 114!) may be referred to as “higher 
level” meters that communicate with other meters in the net 
work and that forward information to the collector 116. 

Referring now to FIG. 2, there is illustrated a system 200. 
The system 200 may include a network management server 
202, a network management system (NMS) 204 and a data 
collection server 206 that together manage one or more sub 
nets/LANs 120 and their constituent nodes. The NMS 204 
may track changes in the network state, such as new nodes 
registering/unregistering with the system 200, node commu 
nication paths changing, etc. This information may be col 
lected for each subnet/LAN 120 and may be detected and 
forwarded to the network management server 202 and data 
collection server 206. 
Communication between nodes and the system 200 may be 

accomplished using a LAN identi?cation, however custom 
ers also may query and communicate with nodes using their 
own identi?er. To this end, a marriage ?le 208 may be used to 
correlate a customer serial number, a manufacturer serial 
number and LAN identi?cation for each node (e.g., meters 
114a and collectors 116) in the subnet/LAN 120. A device 
con?guration database 210 may store con?guration informa 
tion regarding the nodes. For example, in the metering system 
110, the device con?guration database may include data 
regarding time of use (TOU) switch points, etc. for the meters 
114a and collectors 116 communicating to the system 200. A 
data collection requirements database 212 may contain infor 
mation regarding the data to be collected on a per node basis. 
For example, a user may specify that metering data such as 
load pro?le, demand, TOU, etc. is to be collected from par 
ticular meter(s) 114a. Reports 214 containing information on 
the network con?guration may be automatically generated or 
in accordance with a user request. 
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A network management system (NMS) 204 maintains a 
database describing the current state of the global ?xed net 
work system (current network state 220) and a database 
describing the historical state of the system (historical net 
work state 222). The current network state 220 may contain 
data regarding current meter to collector assignments, etc. for 
each subnet/ LAN 120. The historical network state 222 may 
be a database from which the state of the network at a par 
ticular point in the past can be reconstructed. The NMS 204 
may be responsible for, among other things, providing reports 
214 about the state of the network. The NMS 204 may be 
accessed via anAPI 220 that is exposed to a user interface 216 
and a Customer Information System (CIS) 218. Other exter 
nal interfaces may be implemented as well. In addition, the 
data collection requirements stored in the database 212 may 
be set via the user interface 216 or CIS 218. 

The data collection server 206 collects data from the nodes 
(e.g., collectors 116) and stores the data in a database 224. 
The data may include metering information, such as energy 
consumption and may be used for billing purposes, etc. by a 
utility provider. 

The network management server 202, network manage 
ment system 204 and data collection server 206 may commu 
nicate with the nodes in each subnet/ LAN 120 via a commu 
nication system 226. The communication system 226 may be 
a Frequency Hopping Spread Spectrum radio network, a 
mesh network, a Wi-Fi (802.1 1) network, a Wi-Max (802.16) 
network, a land line (POTS) network, TCP/IP network, etc., 
or any combination of the above and enables the system 200 
to communicate with the metering system 110. 

Referring now to FIG. 3, an in-home display 250 includes 
a radio system and antenna to enable it to communicate with 
meters 114 (114a and/or 11419) and collectors 116 using the 
existing radio infrastructure. As described above, the meters 
114 and collectors 116 communicate via, e.g., Frequency 
Hopping Spread Spectrum radio. By communicating with the 
existing radio and meter ?rmware, the in-home display 250 
can provide information to a user without signi?cantly 
impacting the operation and cost of the meter 114/collector 
116. A complete description of the in-home display 250 is 
found in US. Pat. No. 7,427,927, entitled “In-Home Display 
that Communicates with a Fixed Network Meter Reading 
System,” the content of which is incorporated herein by ref 
erence in its entirety. The in-home display 250 may be pro 
vided as a separate stand-alone unit or couldbe integrated into 
another customer device such as a thermostat. 

The in-home display 250 gains timely updates that may be 
correlated to the meter read interval by listening to the normal 
meter read traf?c. When the associated meter 114 transmits 
its meter data, the display 250 recogniZes the meter’s unique 
ID and updates the display memory with the current meter 
read information (communication link 268). The display 250 
may maintain a duplicate copy of the meter’s con?guration. 
Also, a broadcast message may be sent throughout the system 
110 that is directed to the in-home displays 250 (communi 
cation link 270). After receipt of the broadcast, in-home dis 
play will randomly or via a schedule extract required infor 
mation from it associated meter 114 (communication link 
272). The individual displays 250 would be able to randomly 
select communication time windows in order to minimiZe 
contention tra?ic between displays or the collector could 
assign slot times. Using above noted solutions, the in-home 
display update would occur at approximately the same rate as 
the utility update rate. 
A manual override capability may be offered to the resi 

dential or commercial owner for the instances where more 
up-to-date metering data is desired. The display device 250 
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8 
may optionally include a “read button” that when activated, 
extracts the most recent meter data. The “read button” func 
tionality may also provide a menu system to allow the cus 
tomer to extract more speci?c meter data than a standard 
update would provide using link 272. 

In yet another embodiment, the in-home display 250 may 
be placed as a node in the system 110. Here the meter read 
interval may not be correlated and the in-home display 250 
contains the communications bound for the system 200. In 
this case, the collector 116 would update and read from the 
meter 114 and would additionally download information to 
the in-home display 250. This may be accomplished using 
link 272, where the link is a LAN communications link, such 
as those used between the collector 116 and the meters 114. 
Downloaded information could include the last meter read 
data, “time synch,” “tier pricing” or “TOU schedule” infor 
mation. Additionally, information such as energy pricing 
could be downloaded to the in-home display 250 to provide 
an accurate representation of tier or total consumption. 

Referring now to FIG. 4, in an embodiment, the electricity 
meter 114 may include a power supply 402, meter memory 
406, a meter controller 408, a load control 410, and an aux 
iliary load control 412. The load control 410 and/or the aux 
iliary load control 412 may be referred to as service discon 
nect switches. Although only two controls are shown, the 
meter 114 may have more than one load control 410 and/or 
more than one auxiliary load control 412. The meter 114 may 
be in communication with a consumer’s electricity load 420 
in such a way that the meter 114 may measure and/or calcu 
late electrical characteristics of the load 420 such as, but not 
limited to, demand, current, voltage, power factor, electrical 
energy consumption, frequency, etc. The meter power supply 
402 provides all electrical energy necessary to the meter 114 
and all of its components to execute the respective functions 
of the meter 1 14. The meter memory 406 may be an EEPROM 
or any other form of non-volatile memory. The meter memory 
406 is capable of storing meter controller 408 con?guration 
instructions along with all values calculated by the meter 
controller 408. The meter memory 406 may also include 
registers to hold the various predetermined calculated or mea 
sured parameter thresholds used by the meter controller 408 
in the various control functions that will be described in 
further detail below. 
The meter controller 408 may also be referred to as the 

meter engine 408. The meter controller 408 is a con?gurable 
processing device that may be con?gured to perform or 
execute all meter actions or functions such as, but not limited 

to, measurements, calculations, required of the meter 114. In 
the description of the embodiments, reference may be made 
to a function of the meter 114 or the meter controller 408. For 
purposes of this description, the meter 114 and the meter 
controller 408 may be used interchangeably when describing 
the functions performed by the meter 114. 
The load control 410 and the auxiliary load control 412 

may be switches or relays that, either directly or indirectly via 
intermediate equipment 414 operate to electrically de-ener 
giZe, or conversely re-energiZe, some or all of the consumer’ s 
load 420. In an embodiment, the load control 410 and/or the 
auxiliary load control 412 may operate directly to de-energiZe 
or re-energiZe the consumer’s electrical load 420 without the 
use of the intermediate equipment 414. The intermediate 
equipment 414 may include switches and/or relays, or the 
like. The meter controller 408 may set a mode of the load 
control 410 or auxiliary load control 412 to cause the desired 
change in the electrically energiZed or electrically de-ener 
giZed state of the consumer’s electricity load 420. The local 
communication port 416 may permit con?guration changes 
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to the meter controller’s 408 functions or may be used to set 
override conditions for such functions. The local communi 
cation port 416 may be an optical type interface or it may be 
an electrical signal based computer communications inter 
face, such as one that enables communication via RS-232 or 

RS-422, or the like. 
The meter 114 may calculate the total demand for the 

predetermined total demand period and the TOU demand for 
the current TOU tier over one or more con?gurable demand 

interval or intervals that occur Within the total demand period. 
By Way of example only, the demand interval may be 15 
minutes, 30 minutes or 60 minutes. Other demand interval 
durations are possible. A calculated demand for a given 
demand interval represents an average demand over the span 
of the demand interval (i.e., 15 minutes for a selected 15 
minute demand interval). For example, if the demand of an 
electricity load 420 over a particular 15 minute demand inter 
val varies over that time, the average value of the demand Will 
be calculated in consideration of the Whole demand interval. 
If the calculated demand at the end of the interval is greater 
than the current value of the total demand for the present total 
demand period, the total demand value is updated to re?ect 
the total demand from the recently completed demand inter 
val. 
Demand calculations may also be made over the desig 

nated demand interval in real time or continuously. In other 
Words, a demand calculation may be made at any point Within 
the demand interval. A real time demand calculation made 
before the end of the demand interval may be made in con 
sideration of hoW far into the demand interval the calculation 
is made and also hoW much time remains in the demand 
interval after the calculation is made. For example, if a 
demand calculation is made 5 minutes into a 15 minute 
demand calculation, then the calculated value is adjusted for 
the demand interval being only tWo-thirds completed. Thus, 
With a continuous demand calculation, the total demand value 
for the present total demand period may be updated at a point 
in time When a neW peak total demand is calculated. There 
fore, a neW total demand may be calculated not only at the end 
of any demand interval, but also at any time during a demand 
interval. 

The total demand may be reset at one or more the folloWing 
times for various embodiments: an end of the predetermined 
demand period, usually based on clock boundaries; at a time 
When a real time is received from the netWork 120 and it 
changes the meter 114 from a relative time to the real time; at 
a time When the real time is received from the netWork 120 
and it sets the meter’s 114 time forWard across the total 
demand period boundary; the meter’s 114 time is set back 
Wards; at time When a total demand reset operation is per 
formed; or When a poWer failure occurs, the total demand 
being reset on poWer restoration. 

The TOU demand may be calculated in the same demand 
interval or intervals as the total demand is calculated. The 
TOU demand may also calculated in real time or continuously 
as the total demand may be calculated. When a peak demand 
(or a neW peak demand) is calculated in one of the demand 
intervals Which occur in a TOU tier period, the TOU demand 
for that tier may be updated. A calculated demand may be 
considered a neW TOU demand for the current tier, but that 
same calculated demand may not be considered a neW total 
demand for the current total demand period. At the time of a 
TOU tier change, the TOU demand for the neW tier may be 
calculated and updated as necessary. The TOU demand for 
the previous TOU tier may not be calculated or updated until 
that tier once again becomes the present or active tier. 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
For purposes of example only, and not limitation, a typical 

meter 114 calculation sequence for a series of tiers in a par 
ticular day may look like as folloWs: 

At midnight, for billing purposes, a demand reset com 
mand sets all current total demand values, all current TOU 
demand values, and all consumption values to Zero. For mid 
night-5 am: tier C (off peak), With a cost of $0.05 per kWh, 
there is a measured consumption of 10 kWh With a peak 
calculated demand of 5 kW. For 5 am-8 am: tierA (mid rate), 
With a cost of $0.08 per kWh, there is a measured consump 
tion of l 5 kWh With a peak calculated demand of 10 kW. For 
8 am-l0 am: tier B (on peak), With a cost of $0.25 per kWh, 
there is a measured consumption of 10 kWh With a peak 
calculated demand of 12 kW. For 10 am-4 pm: tier A (mid 
rate), again With a cost of $0.08 per kWh, there is a measured 
consumption of 30 kWh With a peak calculated demand of 15 
kW. For 4 pm-8 pm: tier B (on peak), again With a cost of 
$0.25 per kWh, there is a measured consumption of 20 kWh 
With a peak calculated demand of l 4 kW. For 8 pm-Midnight: 
tier C (off peak), again With a cost of $0.05 per kWh, there is 
a measured consumption of 25 kWh With a peak calculated 
demand of 8 kW. From this exemplary sequence, the respec 
tive TOU consumption of energy (kWh) and the respective 
TOU tier demand (kW) Would be: for tierA: 45 kWh, 15 kW; 
for tier B: 30 kWh, 14 kW; and for tier C: 35 kWh, 8 kW. The 
total consumption for the sequence Would be 110 kWh and 
the total demand at the end of the sequence Would be 15 kW. 
A TOU tier change may occur coincidently With an end of 

a demand interval, or the TOU tier change may occur at some 
point during a demand interval. If a TOU tier change occurs 
during a particular demand interval, the TOU demand calcu 
lation for that particular demand interval is adjusted to 
account for the split interval (from the TOU demand perspec 
tive) so that the calculated TOU demand is applied to the 
appropriate tier. In other Words, the TOU demand calculated 
in the duration of the demand interval before the TOU tier 
change is applied as necessary to the previous tier and the 
TOU demand calculated in the remainder of the demand 
interval after the TOU tier change is applied as necessary to 
the current tier. In an embodiment, the TOU demand for any 
or each tier may be reset When the total demand is reset. 

In an embodiment, the TOU demand for a non-present (or 
inactive) tier Will not be reset at the time of a tier change to a 
neW tier. Instead, the TOU demand for an inactive tier Will be 
maintained at the value calculated during the mo st recent 
period for Which that tier Was the active tier. In other embodi 
ments, the TOU demand may be reset for a tier at the time of 
a tier change to another tier. The meters’ 114 memory 406 
may be capable of storing over time all calculated meter 114 
values, such as but not limited to total demand, TOU demand, 
and any and all corresponding demand thresholds. Therefore, 
all demand calculations made at any time, even if reset, may 
be accessed by the meter engine 408 or by the control netWork 
120. 
By Way of example only, and not limitation, an exemplary 

TOU demand and total demand calculation across tWo tiers C 
and B assuming a constant load of 30 kW and a demand 
interval of 15 minutes folloWs: 
A demand reset may occur at midnight to start a neW billing 

cycle and the demand registers for total demand and TOU 
demand Were all set to Zero at midnight in conjunction With 
the demand reset, usually corresponding to a billing date and 
a neW total demand period of time. A neW demand interval 
may then start at midnight and Will run through 12:15 am. The 
tier at midnight may be tier C. At 12:05, the tier may change 
from tier C to tier B and may remain in tier B for the rest of the 
demand interval. The TOU demand calculated at the end of 
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the 15 minute interval Would be 10 kW for tier C, Which may 
or may not be a neW peak TOU demand for tier C. The TOU 
demand calculated for the tier B Would be 20 kW, Which 
Would be a peak TOU demand for tier B being that this Was the 
?rst TOU demand calculation for tier B after the demand 
values Were reset. The total demand calculated Would be 30 
kW Which Would be a peak total demand being that it is the 
?rst calculation of total demand made in the neW demand 
period. 

For purposes of illustration of the split demand interval 
scenario, at a time just before the tier change at 12:05 am, the 
tier C TOU demand calculated Would be 10 kW, the total 
demand calculated Would be 10 kW, and the tier B TOU 
demand calculated Would be 0 kW. Again for illustration, at 
12:10 am, tier C TOU demand calculation Would be 10 kW, 
the total demand calculation Would be 20 kW, and the tier B 
TOU demand Would be 10 kW. And ?nally at 12:15 am (the 
end of the ?rst demand interval of the neW demand period), 
the tier C TOU demand calculation Would be 10 kW, the total 
demand calculation Would be 30 kW, and the tier B TOU 
demand calculation Would be 20 kW. 

In order to determine situations in Which consumer elec 
tricity load 420 consumption exceeds a predetermined 
demand threshold, be it a total demand threshold or a TOU 
demand threshold, each time the demand calculations are 
updated, the meter controller 408 may compare the neW 
demand value (TOU or total) against a corresponding con?g 
urable demand threshold. For example, the meter 114 may 
compare a total demand value against a predetermined thresh 
old for total demand. Also for example, the meter 114 may 
compare a TOU demand for the respective TOU tiers against 
respectively corresponding predetermined thresholds for the 
respective TOU tiers. These corresponding predetermined 
TOU demand thresholds for the respective TOU tiers may be 
exclusively related to the respectively corresponding TOU 
tier demand calculations. The corresponding predetermined 
TOU demand threshold for a particular TOU tier may be 
adjusted independently of any other predetermined TOU 
demand threshold for other TOU tiers and also independently 
of the predetermined total demand threshold. 

The comparison of the calculated respective TOU demands 
and the total demand to the respectively corresponding pre 
determined thresholds may be made at a time When the 
respective TOU demands and/or the total demand calcula 
tions are made and/ or at a time When the TOU demand values 
and/ or the total demand value are updated. This update may 
occur When the calculations do result in a neW TOU demand 

and/ or a neW total demand (i.e., a neW peak is calculated). The 
comparisons may also be made at a time When one or more of 
the respective predetermined TOU demand thresholds and/or 
the predetermined total demand threshold are changed. The 
respective predetermined TOU demand and total demand 
thresholds may be changed or adjusted remotely by a com 
mand from the control netWork 120 or locally at the meter 1 14 
via a communication port 416. 

In another embodiment, the respective TOU demand val 
ues and the total demand value may be compared to a single 
predetermined demand threshold. Thus, the comparison 
betWeen the total demand value or if any of the respective 
TOU demand values may be made With a single common 
con?gurable predetermined demand threshold. The common 
predetermined demand threshold may be changed or adjusted 
remotely by a command from the control netWork 120 or 
locally at the meter 114 via a communication port 416. 

If the TOU demand and/or total demand has exceeded 
either their respective corresponding predetermined demand 
thresholds or the common predetermined demand threshold, 
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a status Warning ?ag may be set and/or the meter 114 may be 
con?gured to open the load control 41 0 in order to cause some 
(a part or a portion) or all of the consumer’s electricity load 
420 to be electrically de-energiZed. By de-energiZing at least 
some, if not all, of the consumer’s electricity load 420 the 
demand Will effectively be loWered. The load control 410 may 
have at least tWo modes, a de-energiZe mode and a re-energiZe 
mode. The de-energiZe mode may cause the load control 410 
to open, or to otherWise assume the state required to cause the 
consumer’s electricity load 420 to become fully or partially 
de-energiZed. The re-energiZe mode may cause the load con 
trol 410 to close, or to otherWise assume a state required to 
cause the consumer’s electricity load 420 to become fully or 
partially re-energiZed. 
By Way of example, and not limitation, an exemplary 

method embodiment that may be performed by the electricity 
meter 114 for limiting an electricity load 420 that is in com 
munication With the electricity meter 1 14 is illustrated in FIG. 
5. In the embodiment, the electricity meter 114 may have at 
least one load control 410 and the electricity meter 114 may 
have one or more predetermined time-of-use tiers. Each of the 
one or more predetermined time-of-use tiers may have a 
corresponding time-of-use demand threshold. In step 502, the 
meter 114 may determine a present time-of-use tier, and at 
step 504, the meter 114 may determine a present time-of-use 
demand for the electricity load 420 in the present time-of-use 
tier. In step 506, the meter may compare the present time-of 
use demand to the time-of-use demand threshold correspond 
ing to the present time-of-use tier. In step 508, the meter 114 
may set the at least one load control 410 to a de-energiZe mode 
When a de-energiZe condition is satis?ed. The de-energiZe 
condition may include sub-conditions such as the present 
time-of-use demand exceeding the time-of-use demand 
threshold corresponding to the present time-of-use tier. 

In an embodiment, the meter controller 408 may be con 
?gured so that one or more of the TOU demand tiers may have 
a corresponding con?gurable demand limitation mode. The 
con?gurable demand limitation mode may have at least tWo 
settings, one setting being a limit demand and another setting 
being a no-limit demand. The state of the demand limitation 
mode for the corresponding TOU tier may determine Whether 
the meter controller 408 takes any demand limiting action 
during the corresponding TOU tier. 
By Way of example, and not limitation, if the demand 

limitation mode for a tier A is set to no-limit demand (or 
no-limit), then even should a TOU demand value for tier A 
exceed the corresponding predetermined TOU demand 
threshold for tier A, no action may be taken With the load 
control 410 to de-energiZe, either partially or fully, the con 
sumer’s electricity load 420. In other Words, if the setting for 
the demand limitation mode for tier A is no-limit demand, 
then even With a measured TOU demand being greater than 
the TOU demand threshold for tier A, the load control 410 
may not be placed into the de-energiZe mode. Again by 
example only, should the setting for the demand limitation 
mode for tier B be set to limit demand, then should the 
measured TOU demand for tier B exceed the TOU demand 
threshold for tier B, the load control 410 may be placed into 
the de-energiZe mode in order to cause at least some of the 
consumer’s electricity load 420 to become electrically de 
energiZed. 

In an embodiment, the demand limitation mode may also 
determine Whether the meter controller 408 Will take any 
action With the load control 410 to cause the consumer’s 
electricity load 420 to become de-energiZed in the event that 
the measured total demand exceeds the total demand thresh 
old. By Way of example only, should the measured total 



US 8,525,692 B2 
13 

demand exceed the predetermined threshold for the total 
demand during tier C, and the demand limitation mode for tier 
C is set to no-limit demand, then no action Will be taken by the 
load control 410 to cause the consumer’s load 420 to become 
de-energiZed. 

Thus, for example only and not limitation, depending on 
the particular embodiment and the setting of the demand 
limitation modes for the respective TOU tiers, When the total 
demand threshold and/ or the respective TOU demand thresh 
olds are exceeded, the meter 114 may set the load control 410 
to the de-energiZe mode for all of the respective TOU tiers. 
Or, the meter 114 may set the load control 410 to the de 
energiZe mode only if the demand limitation mode for the 
respective tier has been set to limit demand. If none of the 
demand limitation modes for the respective TOU tiers are set 
to the limit demand mode, then the load control 410 may not 
be set to the de-energiZe mode in response to a demand 
threshold crossing during any tier. The setting of the demand 
limitation mode may be commanded remotely by the control 
netWork 120 or via a local communication port 416 of the 
meter 114. 

Referring to FIG. 10, in an exemplary embodiment in 
Which at least one of the one or more predetermined time-of 
use tiers may have a corresponding demand limitation mode 
and the corresponding demand limitation mode may be 
changeable betWeen a limit setting and a no-limit setting, as 
described before, in step 502, the meter 114 may determine a 
present time-of-use tier, and at step 504, the meter 114 may 
determine a present time-of-use demand for the electricity 
load 420 in the present time-of-use tier. In step 506, the meter 
may compare the present time-of-use demand to the time-of 
use demand threshold corresponding to the present time-of 
use tier. At step 510 the meter 114 may determine the demand 
limitation mode of the present time-of-use tier. In step 508, 
the meter 114 may set the at least one load control 410 to a 
de-energiZe mode When a de-energiZe condition is satis?ed. 
The de-energiZe condition may include sub-conditions such 
as the present time-of-use demand exceeding the time-of-use 
demand threshold corresponding to the present time-of-use 
tier. Also, the de-energiZe condition may further include the 
sub-condition of the demand limitation mode of the present 
time-of-use tier being set to the limit setting. 

In an embodiment, the load control 410, When set to the 
de-energiZe mode, may remain in the de-energiZe mode for 
the remainder of the demand interval in Which the total 
demand and/or the TOU demand exceeded their respective 
thresholds. In another embodiment, the load control 410 may 
remain in the de-energiZe mode for a con?gurable period of 
time (0-255 minutes, for example only, and not limitation) 
after the end of the demand interval in Which the total demand 
and/ or the TOU demand exceeded their respective thresholds. 
This con?gurable period of time beyond the end of the inter 
val in Which the total demand and/ or the TOU demand 
exceeded their respective thresholds may be referred to as the 
“demand limit penalty.” The potential burden of a demand 
limit penalty may provide a motivation for the consumer not 
to exceed the predetermined demand thresholds. 

Referring once again to FIG. 5, in step 512 of an exemplary 
embodiment, the meter 1 14 may maintain the at least one load 
control 410 in the de-energiZe mode from a time that the at 
least one load control 410 is set to the de-energiZe mode until 
a predetermined period of time that may folloW a present 
demand interval of the electricity meter 114. 

In another embodiment, after the demand limit penalty 
time period has expired, the meter controller 408 may delay 
for a random amount of time before setting the load control 
410 into the re-energiZe mode, thereby further increasing the 
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time the consumer’s electricity load 420 Will be de-energiZed. 
The randomiZation period of time may prevent multiple 
metering devices 114 that may have each experienced a 
demand threshold crossing and a sub sequent demand limiting 
action during the same demand interval from re-energiZing 
their respective electrical loads at exactly the same time. 
Thus, this randomiZed re-energiZe delay may aid in maintain 
ing stability in an electrical energy provider’s distribution 
system. 
Again With reference to FIG. 5, at step 514 of an exemplary 

embodiment the meter 114 may maintain the at least one load 
control 410 in the de-energiZe mode from a time that the at 
least one load control is set to the de-energiZe mode until after 
a randomly determined period of time folloWing a predeter 
mined period of time that folloWs a present demand interval of 
the electricity meter. At step 516, the meter 114 may set the at 
least one load control 410 to a re-energiZe mode at an end of 
the randomly determined period of time. 

Each time that the load control 410 is placed into the 
de-energiZe mode in response to a predetermined demand 
threshold crossing may be considered a “demand limiting 
operation.” Meters 114 may be capable of counting hoW may 
demand limiting operations that the meter controller 408 
initiates via the load control 410. In an embodiment, if the 
meter controller 408 counts more than a con?gurable prede 
termined number of demand limiting operations, l-255 for 
example and not limitation, in a con?gurable predetermined 
period of time, the meter controller 408 may maintain the load 
control 410 in the de-energiZe mode until such time that the 
meter 114 receives a service disconnect close command, or a 
lockout override command. The action for Which the meter 
controller 408 maintains the load control 410 in the de-ener 
giZe mode may be referred to as a “demand limiting lockout.” 
The default con?gurable predetermined period of time over 
Which the number of demand limiting operations are counted 
may be one day, for example. For example only, if six demand 
limiting operations are counted in one day’s time, that may be 
suf?cient to invoke the demand limiting lockout feature. 

In an embodiment, the meter 114 may receive the service 
disconnect close command or the lockout override command 
remotely from the control netWork 120 or via the local com 
munications port 416 on the meter 114. Both the number of 
demand limiting operations and the period of time over Which 
the operations are counted may be adjusted by the control 
netWork 120 or via the local communications port 416. The 
meter 114 may align the predetermined period of time over 
Which the number of demand limiting operations are counted 
to clock boundaries. In an embodiment, if the predetermined 
period of time over Which the number of demand limiting 
operations are counted is greater than 24 hours, then that 
period of time may be an integer multiple of days and the 
lockout counts may restart at midnight of the appropriate day. 
In another embodiment, if the predetermined period of time 
over Which the number of demand limiting operations are 
counted is less than 24 hours, the meter 114 may start the ?rst 
period at midnight, and there may be an integer number of 
such periods per day. 

Referring to FIG. 6, in an exemplary embodiment, at step 
602 the meter 114 may determine a number of instances in 
Which the at least one load control 410 is set to the de-energiZe 
mode over a predetermined period of time. At step 604, the 
meter 114 may compare the number of instances to a prede 
termined instance threshold that corresponds to the predeter 
mined period of time. At step 606, the meter 114 may main 
tain the at least one load control 410 in the de-energiZe mode 
When the number of instances exceeds the predetermined 
instance threshold, and continue maintaining the load control 










